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This invention relates to a metallic liner for use inside
casing in a weil. More particularly, it rclates to a metallic liner suitabice
iur expaunsion to form a patch for casing in wells and.by which a good scal is
formed ind maintained between the casing and liner,

The pivscent application is a division of Canadian application
Seriai Number 830, 308 filed August 23rd, 1961 and is being filed as 2 result
of a requirement by the Patent Oifice,

A principal use for liners in wells is to avoid the necessity
ior runiing an entire string of smaller casing in a well which alrcady has a
larger string of casing. Posaibl; the most commeon use is in the botiom of
tne well where the existing casing does not extend o the bettom of the well.
in this use, a short liner is lowered through the casing into the bottom of
the well where a seal is formed beiween the liner and casing to provide a
metaiiic liner in the well to substantially its fuli depth. In such cases a seal
peiween the liner and casing is generally provided by Portland cement prmped
in back of the liner to {ill the apace between the liner and casing. Such seals
are seldom perfect. As a result, if the pressure of {luids from the furma-
tions pénetra!ed by the well is applied to the outside of the liner and casing,

a ieak usually results,

The liner is rarely as thick or sirong as the ca'siixé. When
pressure io applied outside the liner and casing, the liner is compressed
i..urc than the casing and a crack forms between them cven if none existued
sciore. As soon ar an apening is formed for entrance of fluids between the
casing and iiner. the pressures inside and outside the casing tend to bécome
ba.anced, permitling the casing to return to its unstressed conditwza. This
further widens the opening between the casing and liner. Since the wider the
opening, the more the casing atress is relioved and since the more this stress
is rclieved, the wider the opening becomes, it is apparent that a leak between
the casing and liner can hardly be avoided even though a long overlap of cas-

ing and liner is provided.
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This problem is particulariy acute if 1t is desired to place
a stecl liner or patching steel sleeve over parted casing or a split or hole in
casing. lIn this case, it is difficult to place Portland cement between the
casing and liner and hold the cement in place until it sets. In addition, the:
application of pr. sure outside the liner quickly causcs leakage in the manner
just described.

With these problems in mind, an object of this invention is to
provide a metallic liner inside well casing or other cylindrical metallic
vessels which may be set in accordance with the method and apparatus dis-
closcd and claimed in the aforementioned application 830,308, A scal may
be established and maiataincd between the liner and casing even when pres-
sure is aoplied outside the liner, as through a hole in the casing.

In general, 1 accomplish the objects of my invention by using
a vertically corrugated metal liner. The external cross-sectional perimeter ‘
of this corrugated liner is greater than the jnternal cross-sectional circum-
ference of the casing, but the maximum external crosa—ueclion;l dimension
of the corrugated liner is less than the internal diameter of thec casing so the
liner can be inserted into the casing. A mat of glase fibers, preferably wov~»
glass cloth, is placed around the corrugated lincr and this mat ie saturated
with a scttable liquid resin, such as epoxy resin, before the liner.is plac.d
inside the casing. After the liner is placed at the desired location in the
casing, an expanding tool is run through the corrugated liner to cause it to
assume a cylindrical shape inside the casing. The liner is thuo' left in sub-
stantially maximum compressive 3treoas, which is an essential aspect of my
rne'thodf

in the drawing,

Figure | is a view in cross-section of a preferred form of

the apparatus for setting a liner in casing;

Figure 2 is an isometric view, partly in section, to show

.

thé form of the corrugated liner and the preferred form o head for expanding

the liner;.
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Figure 3 is another vicw in scction of a portion of the ap-
paratus of Figure 1 in the process of expanding a corrugated liner against the

inside surface of a casing;

figure 4 shows a portion of a section of Figure 3 along line
Figure 5 shows a portion of a aection of Figure J along line

Figure b is a view in cross-scction of another form of ap-
paratus capable of expanding 3 corrugated liner into contact with the inside
surface of a casing.

In Figure 1, the corrugated liner tube 11 is mounted between
connector 12 and an expanding cone 13. The connector 12 includes a top
coliar portion 14 which is internally threaded to reccive standard welt tubing
15 which serves to lower the entire liner setting assembly into the well, Other
aoliow conduit, such as drill pipe can, of course, be used, if desired. The
main body pertion of cn:mcctor 12 includes a ccniral passage 16, the upper
sortion of which is {hreaded to receive and hold the top of a polished rod 17.
A comrplcte seal between the polished rod and connector 12 15 assured by u-e
of O-ring 19 in peripheral groove 20 around passage 16. In the top of passage
16 a short pipe 22 with loosc cap 23 is provided to prevent scalt, dirt, and
the like from the inside wall of the tubing from fatling into th= hydraulic
system below.

Polished rod 17 inciudes a central bore 24 which connects
with the interior of pipe 22. A piston 25 is mounted on the vottom of polished
+0d 17. The piston includes an internally threaded cap 26 {or attachment to
the externally thr:aded botiom portion of polished rod 17. The piston also
includes flange 27 on which resilient zups 28 and 29 are mounted, Abave top
cup 29, a passage 30 is provided in the piston which is connected to the inner
bore 24 of polishea rod 17,

Piston 25 worxs in a cylinder 32 having a cap 33 through
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which polished rod 17 passes. Packing 34 is provided to form a seal between
polished rod i7 and cap 33. Preferaoly, an O-ring 35 is provided between
the cylinder 32 and cap 3} to insure a good scal between thesce members.
Siccve 36 rests on tac top of cap 33 and supports expanding cone 13, Svur-
rounding siceve 3¢ is collet head 37 with collet spring arms 36. The armas
have an inner surface which is spaced from sleeve 17 to permit inward move-
mc-nt of the arma. The arms also have slots 39 (Figure 2) between them to
permit this same action. Near the tops of arms 38 are outwardly enlarged
portions 40 winch perform the final forming action to force the corrugated
liner into 2 substantially cylindrical shape as the cone and collet head are
puiled through the corrugated liner tube by the hydraulic pistoa and cylinder
arrangement shown. Arms 43 are normally sprung out farther than showa
in Figure L. In this figure, the arms are shown as being restrained by pro-
jecting portions 41 which fit into 2 mating vecess 52 in expanding cone 13.
This permits lowering the assembly casily through the weil 10 the desired
location.

in Figure 2, an cxterior view, partly in section, is presented
to shov; more clearly the [orm of the corrugated liner tube and the spring
arms of the collet head.

Figure 3 shows a gection of the corrugated liner tube as is
is being expanded inside casing 43, In this case, the tube 11 is shown cov.ercd
by a sealing layer 44 made up of glass fibers saturated with a liquid resin
capable oi being set to a hardened state. In Figure 3, projections 41 are
shown withdrawn from recess 42 so the arms have sprung out into the pous:-
lions shown. The expanding cone and collet head have been forced part-way
through the liner tube 11, expanding the liner into a substantially ‘eyiindrical
form inside the casing with the glase fibers and resin forming a seal between
the casing and liner. N

In operation, the liner sctiing tooi ie asscembied at the sur-

face, as shown in Figures 1 and 2, and glass cloth saturated with resip in
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wrapped around the corrugated tube. The assembly is lowered into the well
in this condition to thc location at which the liner is to be set. A liquid, such
3s o0il, is then pumped into the tubing. The oil passes through the well tu_bing.
pipe 22, polished rod 17, passages 30 and into the cylindcr 32 abov-e. piston
25%. As the prcs:urcl increases, the pressure on cap 33 causes it to rise,
carrying sleeve 36 and cxpander head 13 upwardly with respect to the polished
rod. Upward movement of liner tube 1l is restrained by connector 12 attached
to the top of l};e polished rod. Therefore, as expanding cone 13 rises, it ex;
pands corrugated liner tube 11. At a level near the bottom of cone 13, the
iiner has been expanded to the form shown in Figure 4.

.As cone 13 passes upwardly through liner tube 11, the bottomn
of the tube eveniually strikes the enlarged portions 40 of the collet head
spring arms, When this happens, upward motion of the coliet hc;d is re-
strained and causes projections 41 to pull out of restraining recess 42. The
arms then spring outwardly, as shown in Figure 3, As cap 33 oa the hydraulic
c-ylinder continues to rise, the cap comes in coatact with the bottom of collet
necad 37, foreing it through liner tube 11, The epring arms complete the
expansion of the liner tube out againat the inner surface of the casing, as
sho'wn in Figure 5, except of course, for the sealing layer of glass ﬁbcr;

- N

and resin between the liner and casing.

When the upward movement of cap 33, collzt head 37, and

" expanding cone 13 causes cone 13 to come into contact with connector 12,

the upward rmotion must, of course, stop. This is indicated by an increase
of pressure required to inject liquid into the tubing, The expanding cone 13
and collet head 37 may then be forced the remaining distance through the
corrugated liner tube by simply lifting on the well tubing. This is possible
because the {rictional drag of the ex.panded portion of the liner against the
casing is sufficient t;:v hold the liner duown against the upward puil of the cone
and collet head. It has been determined, for example, .that the liner will

resist a pull 12, 000 pounds per inch of length of 1/8 Inch :hick iiner set in
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Soif & aneh casing. The upward furce required to pall the expanding conc

ami coiiet head through the 1/8 inch thick hner in the $-1/2 inch casing varied
from about 15,000 to about 60,000 pounds, depending upon weight of casing,
heavier casing being smmaller in internal diameter, It will be apparent that
After only a few inches of the liner ihave been expanded against the casing,
connecior il is no longer necded to hold the liner down while the tut;e--ia

being expanded.

An alternative procedure when cone 13 strikes corn-cior 12
is'to rclease the pressure on the tubing, raise the well tubing two or three
feetl, secure it firmly at the surface and then resume injecting hydraulic
ftuid inio the tubing. Raising the well tubing.will lift connector 12 two or three
feet above the top of the liner. -Expanding cone 13 and collet head 37 can then
be forced on through the liner tube by injcc'ting hydraulic fiuid through the
tubing.

As soon as the cone and collet head have been pulled com-
pletely tarough the liner, the tubing and liner setting assembly are removed
from the well., To avoid pulling a wet string, it is possiblc to include a break-
off rcix;:f seai 50 in the well tubing 15 abtlwe cap _23. This seal can be broke -
off by dropping & go-devil down the tubing. Breaking of the seal allows the
liquid in the tubing to leak out as the tubing is pulled from the well.

. The apparatus shown in Figures ] and 2 relies upon the ac-
tion of hydraulic pressure to force an expanding cone and cotlet spring head
through a corrugated liner tube to expand this tube into 2 substantially cir-
cular shape inside the casing. This apparatus is preferred because of its
simplicity and ease of man.pulation, It will be apparent, however, that
other apparatus can be used to expand the corrugated liner tube. Anoiher
apparatus is shown iu. Figure 6. In this apparatus the corrugated licer tube
11 and the expanding cone 13 are the same as in Figure 1, but the remaining
equipment is differenc.

In the apparatus shown in Figure 6, the carrugated tube 11
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i restrained against upward movemeni by slips 60 which are mounted to

s on tie outside surface of siips cone #2. A helical spring 61 1n a3 groove

in Ui outer suriance of siips 60 bholds the ships in A nurmally rutracled position.

On tire top of cone 62 is a cylinder 63 having cxternal threads, On the bottom
ur cone 62 is another cyhinder.or collar 64,

The cone 62 slides upon a hollow conduit 65, which is at-
tached through collar 66 to well tubing or drill pipe on which the asscmbly
1s lowered into the well, The bottom portion of conduit 65 carries external
gruoves o7 in which slide keys 66, vv:h:ch are attached to the inner surfage of
cutier b%. These keys cause cone 62 to turn with conduit 65. Slips 60 are
resirained from turning by drag arms 70 which contact the weil casing.
Thus, when the apparatus is in a well and conduit 65 is turned, cone 62 turns
with respect to slips 66. This causes the ends of spring arms 71 to move
in the threads of cylinder 63 to move the slips up or down on the o;atc.r sur-
face of cone 62,

On the bottom of conduit 65 is mounted a thick-walled, hollow
body 73. Ia the walls of this body are mounted radially acting pistons T4
whnich opcrate in cylinders 75. A sliding seal io'providcd bclwccn.lhc pistons
and cylinder by packing, such as O-Vrin,'; 76. A stem or rod 77 on piston 74
extends through a passage 78 in the ouler wall of body 73. A sliding seal
around the pision rod is p.-ov-ided. as by O-rirg 79. The outer cnd of red 77
contacts arm 81, which is pivoted on pin 82, which is attached to body 73
through mounting bracket 83. The bottom ‘of conduit 65 is closed by cap 84.

. In opcration, the apparatus is assembled at the sucface, a
wrapping of resin-saturated glass (;bric is applied to the corrugated tube,
J-rnd the assembly is lowered into the well on well tubing to the level .at‘w'mch
the liner is to be set. The tubing ia then rotated to the right. 'i'h:s causes
cone 62 to rotate with respect to nl'ips 60, drag arms 70 restraining rotatien
of the slips. Thec rclative rotation of the cone and slips causes the ends of
spring arme 71 to move upward in the threadas of cylirler 63 on the top of
corne 62, ralsing alips 60 with respect to cone 62. The upward movement

iy
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of slips 60 with respect to cone 62 results in the outward movement of the
siips until they come in contact with the casing. Lifting of the tubing row
causes lnc corrugated liner tube Il to push firmly against the slips and set
them more firmly against lh;: casing wall.

Continued upward pull on the tubing forces the exparding
conc 13 into the liner {1l untilarms B8l come in contact with the liner. At
or before this time hydraulic pressure is applied through the tubing and
conduit 65 to the pistons 74. The amount of hydraulic pressure can be care-
iuily controlled to provide the desired amOu;u of force on arms 8i to insure
proper forming of the corrugated liner tube into a cyiindrical shape without
appiying a force sufficient to damage the casing.

The expanding conc 13 and arms 81 can be forced through the
iiner tuoe by continued upward pull on the tubing until expanding cone 13
comes in conatact with coliar 64 on cone 62. Further upward movement of
the tubing and expanding cone 13 then moves siips cone 62 upwardly with
respect to slips 60, thus releising the slips. Thercupon spring 61 collapses
the slips and aliows them to move upwardiy with the rest of the assembly.
Corrugated tube 11, at this point, no longer requires the holding actio.n of
the slips. As explained previously, the frictional drag of only a few inches
ieagth of the liner set inside the casing is enough to hold the tube in place
waile the expanding cone 11 and arms 81 are pulied through the top portion

of this corrugated liner tube.

As soon as the expanding cone 11 and arms 81 clear the top
of the liner tube, the assembly can be s-imply withdrawn from the weil. Pre-
feradbly, break-off release scal 50 is provided and is broken by dropping a
go-devil to permit any liquid to drain from the tubing and thus avoid pulling
a wet string. This also avoids any hydraulic Lead of liqu‘id in the tuding from
acting on pistons 74 to force arms 81 outwardly againet the casing wall as
the ansembly is raised up the well,

Stilt other apparatus and methods will occur to those skilled
in the art for performing the specific step of reforming the corrugated liner

-3~



20

30

773462

tube into substantiaiiy cylindricai shape against the inner suiface of tne casing.
The priancipal requirement js simply to expand the corrugated liner tube out
against the inner surface of the casing, reform it into substantially eylindri-
cal form and '~ave it in a2 state of substantially maximum compression.
Although a few comments regarding this action were included in lh.cl;jcs-'
sciption of the opcration of the apparatus shown in Tigure 1, a more com-
ptete explanation of the principles involved is probably advisable.

The action ‘depends upon the design of the corrugated liner
tube. In ity corrugated from the maxiinum cross-;ectional dimension must
be less than the internal diameter of the casing 8o the liner can be run into
the cas.ing. After reforming into cylindrical form within the casing. the lincr
is to be left in substantially maximum compressive hoop stress. This means
that the external cross-sectional periphery of the corrugated tube must be
larger than the internal cros s-sectional clrcumference of the casing 5o the
final forming operation will place the liner in compression. The expression
vexpanding” the liner into contact with the casing may be misleading. The
expanding cone does expand the liner in the sense that it forces. the outer
r;dgel of the co;ruga:ions outwardiy untilthey come in contact with the casing.

Then the inner corrugations are, in a scnse, expahded radially outward to-

‘ward' the casing. ‘1t will be apparent, however, that the only way the inner

ridges of the corrugated liner can move cutwardly, if'the ‘outer ridges have
contacted the casing, is by compressing the wall of the liner. When the
inner ridges of the corrugations arc stiil a considerable distance from the
casing, a rather larg;: radial force may be requiréd to compr;:ss the liner
wail and cause radial movement outwardiy toward the casing \;uall. After
the liner recaches .he position shown in Figure 4. howe\;er. a small radial
pressure near the middle of the remaining arch causes a very large force
in-a direction circumferentially around the liner. The Tcasons are the same
as those which cause a large force along the walls of any flat arch when a
small loa is placed on the top of the arch. A3 a rosult, once the expanding
cone has formed the liner into the ahape shown in Figure 4, the spring arms

-9-
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3o wn Figure |, or the hydraulicaliy driven arms 81 in Figure 6, nced 1o
eaert only a smaliradial force to complete the forming of the liner into a
substantially cylindrical shape inaside the casing.

Equipment such as that shown in Figure 1 wae designed prin-
aipally to *t a lincr in 5-1/2 inch casing of 15-1/2 pound weigh:.. Th.s
cqumpment was also used successfuily to set liners in 15 and 17 pound casiay
of 5-1/2 inch size. A few data on use of the design in the 5-1/2 inch, 15-1/2
pound casing are of intcrest. [n all these cases, the liner was formed from
5 inch diameter scamlesas mild stce: tubing with a wall thickness of 1/8 inch.
This tubing was vertically, that is, longitudinaliy corrugated by drawirg 1t
tirough a die to form eight corrugations having an average bending radius
of about 3/8 inch. The maximum cross-sectional diameter of the corrugated
tube was about 4-1/2 inches. In forming the corrugations, the metai was
stretched at the outer ridges and compressed at the inner valleys to produce
an external cross-sectional perimeter about 2 percent longer than the original
external circumference of the tubing.

The glass cloth was what is known as woven roving and was
saturated with epoxy resin containing a polyamide catalys: to make the resin
set after tne liner was expanded in the casing. in the final lined casing, the
layer of glass fibers and plastic was found 1o average about 0,025 inch in
thickness. The collet head was divided into cight spring arms, a littie less
than 2 inches wide. The radial forces of the spring Qr;n: and t-he forces

required to pull the expanding cone and collet head through the corrugated

tube are shown in Table 1.

TABLE }

: Radial Spring rorce 10 move Cone and Coilet
Weight of Force, Head through a linet, Pounds
5-1/2" Casing Pounds per Arm Cone Collet Head Toal

14 - 7600 2400 1000C

15 , 1700 10500 4000 14500

15-1/2 2150 15800 6700 22500

17 5200 22300 10200 32500

-10-
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The radial spring forces were determined by measuring the
ins:de diameter of the lincr sct in cach weight of pipe and then reading off
the appropri'nlc force figure on the calibralion curve of the spring. if the
lirer had been reformed inte a compictely cylindrical form in the 14-pound
casing, the internal diameter of the linlc-: wouid have been greater than the |
completely expanded diameter of the collet spring arms. Actuaily, the
liner was not completely reformed into a cylindrical shape in the 14-pound
casing so tk= spring arm force approached but did not reach 0 pouncs.

In the case of the force required to pull the cxpanding
cone and collet spring ncad through the liner in the various weights of cas-
ing, these were separately determined and then simply added to obtzin
the total f:gure. The acutal total force necessary to pull both the cx-
panding cone and coilet spring nead through the liner simultanecously was
generally sonewhat higher than the figurc shown in Table 1. in the case of
one lincr set in 2 17-pound casing, for example, the interior surface of
the liner was not weli lubricated so the expanding ¢one and collet head moved
tarough the liner in jumps. The total force in this case sometimes approached
¢0,900 pounds. This total force was determined by multiplying the hydraulic
pressure in the cylinder by ten since the area of the hydraulic piston was 10
square inches. Since tensile forces of 15,000 pounds are sometimes imposed
on two-inch well tubing in other well operations, it will be apparens that this
tubing could be used to Fuil the expanding conc. and collet spring heaé through
the liner used in this work in a 17-pound 5-1/2 inch casing even with a poorly
tubricated liner. It will also be apparcnt, nowever, that if the liner is to be
-pound, 5-1/Z-inch casing, some changes should be made.

expznded in 20

For example, a2 weak~:r spring may be uscd in the collet head, a liner édither
slightly smaller ia circumicrence or slightly thinner may be employed. a
better lubricant may be applied to the inside of the liner, or a stronger Con-

duit such as 3-inch tubing, or drill pipe may be used.

, It will be apparent that some limitations should be observed. ’

The principal limitations concern the corrugated liner tubs and the casing in

-11-
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which it is to be set. A bricf comparison of the circumference of the hiner,
after being set in the casing, to the perimeter of the corrugated lincr before
setling, shows clearly that the yicld strengilh of the liners was exceecderd so
that in most of the rcforming operation the liner material was in plastic
ilow. This means that after the liner was reformed into a cylindricail shane
inside 1the casing, the liner was in maximum compressive stress. The cas-
ing must be, of courae, in sufficient tensile 'strcsa to hold the liner in maxi-
num compresdive stress, It will be obvious then that if the liner and casing
are of the same metal, the liner must be thinner than the casing or the maxi-
mum tensile slr'ength of the casing wilvl be exceeded and it will burst.
| Actually, the casiag s.ll'xould be considerably thicker than the
liner. This is because after the collet head arms havc_ reformed the liner
into substantially cylindrical shape, thesc a.ms continue to exert the radial
force shown in Table 1, Thus, the casing rr;usr. withstand not only the stress
imposed by the liner, but also the streas irr;posed by the spring arms of the
collet head, Ordinarily, the stress resulting from the spring arms is much
less than that resulting from the liner. The principal reason is that the
force of the collet spring is applicd to only a very short section of cas;ng,
so the casing on each side of the collet head helps to oppose this force. Irn
order to have some margin of safety, howcv;:r. it is gencrally advisable to
use a steel liner which is not more than about one half as thick as the st;el
casing in which it is set. I o )

0(\ course, there arec many types of steel used in wells and
the liner can be made oither of steel or of several other Lypes of metals
or alloys, such as aluminum, aluminum alloys, brass or the like, to meet
special requiremeonts, svch as corrosion resistance. The more general
limitation can be stated, therefore, that the maximum compressive strength
of the material of which the liner is made times the wall thicknass of the
liner must be less than the maximum tensile strength of the material of which
the casing is mmade times the wall thickness of the casing. This limitation
includes th . extreme case where the stress imposed by the collet head arms

«1l2-



Lo oermainpe .

20

30

771462
is s0 small that it can bec ignored, Generally, a liner wall thickness of only
about one half the indicated value should be used to allow for a margin of
safety.

The liner should be annealed after forming into the cor-
rugated shape in order to reconvert the metal into a more malleable form.
Otherwise, the work hardening which results from the corrugating operation
may cause the liner to crack when reformed into cylindrical shape. If steel
is used as a liner material, the radius of bending at the corrugations, ridges
and valleys should be at leas‘t about three times the thickness of the metal
to avoid cracking the ateel when the corrugationa are made. Preferably,
the bending radius should bc such that the corrugations are formed of arcs
of circles.

The npmber of corrugations is controtled principally by the
limitation on bending radius. Thus, if the liner wall thickness is 1/8 inch,
the bending radius is about three times the thickness a'nd ti.e depth of cor-
rugations is about six times the thickness, the distance between ridges of
tae corrugations will be about l-ll?.. inches. A distance of about 2 inches
is preferred for thia liner thickness in order to avoid the danger of cracking
the liner during the corrugating and setting operation. Using this approxi-
mats 2 inch spacing between corrugations, the numbers of corrugations for
liners of 3,4-1/2 and 6 inches in maximum crossA-s_ec_tional‘dimension are
5, 7. and 9, reapectivaly. It is gencrally simpler to use even numbers oi
corrugations and collet head springs so the numbers should preferably be

6, 8, and 10 for the 3, 4-1/2 and 6-inch lineras. These dimensions were

. selected since they are approximately correct for 4, 5-1/2 and 7-inch cas-

jug respectively. .

In order to leave the liner in maximum compressive stress
within the casing, it is necessary that the external cross-sectional perimeter
of the liner be greater thau the internal circumference of the casing, The
amount by which tha liner wall must be compressed to insure that the liner

tube reaches maximum comprossion is usually less than about 1/4 of 1 per-
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cent. When a liner of glass fibers and plastic is provided between the iiner
and the casing, and if the perimeter of the corrugated lincr i8 any greater
than the internal circumfercnce of the casing, this requirement is satisfied.
The upper limit on amount by whici the corrugated liner perimeter excecds
the internal circumference of the casing is controiled principally by the’
forc; reguired to force the expanding cone and collet head through the liner.
1f !he. corrugated liner perimeter is more than about 10 percent greater than
the internal casing circumference, the work requirced to reform the liner
into cylindrical shape inside the casing will be great. The force required
to move the exéanding heads through the liner at a desirable rate will be
corr.espondingly great. Therefore, the corrugated liner external perimeter
should ordinarily not exceed the casing internal circumference by more than
abou.l 10 percent. In the case of the liner set in the 17-pound, 5-1/2-inch
casing in Table 1, the perimeter of the liner was about 4 pclrce'm greater than
the internal circumference of the casing.

While the ridgeces and valleys of the corrugations are pre-
ferably parallel to the axis of the liner tube, it will bc apparent that a tube
in wl;ich the corrugations spiral around the tube to some degree may also
be used. Preferably, however, the tube should be substantially longitudinally
corrugated; That is, a ridge oi’ the corrugations should not vary more than
about an inch or two from a line parallel to the axis of the tube in a foot-long
section 6[ the tube. .

The radial force exerted by the |pri;1g arm of the collet

“ head should lie within certain limits. As shown in Table 1, however, satis-

fa$mry resuits can be obtained when these limits are rather wide. The force
should be at least about 1,000 pémndu for an arm about 2 inches wide in order
to insure a good reforming action on the corrugated liner. Prefex:ably. the
forc‘e should not be greatly in excess of about 5,000 pounds, principally to
decrease the drag of the arms as they are forced through the liner. As pre-
vio;nly noted. there arc scveral ways to overcome this problemn 8o even
greater radial forces are often permisaible. Ordinarily, however, they aro
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not required. The same range of radial forces applies, of course, to the
hydraulically-driven arms shown in Figure 6. In general, the radial force
may be saidto be sufficicntly great to expand tha corrugated tube into sub-
stantially cylindrical shape without imposing a tensile stress in the casing

in excess of the maximum leaasile strength of the material of which the casing
is made. -

The glass fibers which are applied outside the lincr and are
s;l\;rat:d with liquid resin can be of scveral types, In selecting an appro=
pri;;te type, ‘the principal functions of the glase fibers should be borne in
mind. The main function is to carry sufficient reain to fill irregularitics
between the casing and liner and to fill holes through the casing, forming a
button outside of the casing wherever possible. External pressure applied
to such a button forms a pressure-actuated scal. The glass fibers must alse
form barriers to prevent excessive flow of the resin from between the liner
and casing until the resin has settoa hardened state. To do this, the giass
{il;ers must withstand the full radial pressure applied by the liner against |
the casing. It must withstand this pressure permanently, with the aid of
the. hardened resin, since it is the existance of this prossure which prevents
leakage between the liner and the casing.

The plass fibers best adapted to these purposca are obtained
in the form of cloth, woven of threads which are, in turn, spun from very
fine glass fibers, preferably less ‘than 0.001 inci\ i.n .diarr-;e-ter. Mats in which
the threads are stuck tcgether with an adhesive or‘plastic may alao be used.
The glasy mats may be simply wrapped around the outside of the corrugated
liner and held in place by bands, threads, or wires. Preferably, the giass
ﬁmt is glued to the corrugated surface of the liner. In this case, the resin
may be applied with a blade or wire brush after the glass mat is glued to
the liner surface. 1f the mat is simply wrapped around the liner, the resin
is most convenicntly applied to the glans mat, again with a blade or wire
brush, before the mat s wrapped around the lines. In any case, the glass
mat abould be thoroughly saturated with the rosin,
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Any remn whivh wall cure orF net harnd, vuther naturaliy or
artiniaiy, i the well may be employed. Typically, thesae resins arc ther-
meseltiag resing, i.e., resins which are capabie of underguing a permancnt
physicai vhange under the influsnce of well temperature or an artificially
wndiced higaet temperature. Polyester oF c¢pony res.m:a are examples. Other
suitadie resins include urca, resorcinol, and phenui f‘;r||1nl‘lt'hydcs. and
the ke, The reaction product of epichlorohydrin and bisphenol is an ex-
ampie of a preferred cpoxy resin. As is well known in this art, thesc resins
way be combined and various catalysts or curing agents employed in various
concenirations 30 that the sclling or curing time or pot life for various well
depiis of various temperaturcs may be controlled, The reactign pruduct of
Ginser and trimer vegetable oil acids with palyamines such as cthylene diamine,
vr preferably diethylene triamine, is an example of a suitable catalyst for
cpoxy resins. Such resins when scet, i.c., when they are cured sufficientiy
to be sclf-supporting and relatively rigid, are referred to hercin as plastics.

As prgviou:ly notcd, a lubricant should be applicd to the in-
side surface of the corrugated liner tube to decrease frictional drag on the
expanding cone and collet head. Use of such a lubricant i» not essential,
but is recommended. The lubricant mnay be mineral oil, vzgetable oil such
as coltonsced oil, or animal oil such as sperm oil, It may also be in a more
solid form, such as paraffin wax, bees wax, tallow, or the iike. A pre-
ferred lubricant is made up ;;l about 90 percent ozok.cr-itAe, or i-u: purified
form ceresin wax, and about 10 percent of finely divided particles of r.nal'u:-
able material, such as copper, lead, giaphite, nutshells, or the like.

The principal application of the apparatus and mcthod is to
patching holes in casing in wells. These may take the form of smatl hoies,
large holes, parted casing, splits, or the like. Thec apparaius and mcthod
are alao applicable to casing which has no holes. Thus, the patch may be
applied to a bodly corroded section of casing before any actual holes appear.
It may also be applied inside relatively uncorroded cising to strengthon the
casing ..gainst external pressure, for exampla. Ina broad sense, a well
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casing 18 one emmbodiment of a preasurec vessel. Thus, the patch should be
cunsidorcd applicable to other vessacia, paruicularly those subjected to ex-
ternal pressure such as underwater storage tanks, or the like, Still other
applications will occur to thosa akilled in .v.hc art.

When a patch is sct in casing, it frequently -:xl.-.:nd,a ACross
a \_m:ak. periorated or split scction of casing and the cnda are scl inside of
better sections of the casing, It is in these end sections of casing that the
principal szal is gencrally made. Thercfore, the limits stated above as te
the strength and thickness of the casing arc intcaded to apply to the stronger
portions in which the ends of the patch are set rather that the wca)'( or split
purtion opposite the center of the patch.

When a patch is tc; be act acrosa the gap in parted casing.
for example, the coating of glass fibers and resin can, at least theoretically,
be omitled from the center section opposite the gap in the casing. Actualiy,
Sowcvcr, it is usualiy important to have the coating of glase Jibers and resin
extend over the entire length of the cdrrugaled tube. The principal rcason
is tu providec currosiun resistance. The resin-saturatzd glass liber mat
srotecta the liner from courrosive fluids oulside the casing. in addition, 1n
sctting a paich in a deep well, it is difficull 1o place i3 cxactly where desired.
Therefore, at lcast a portion of an uncoated section of the liner might be
placed opposite tha casing itself rather than opposite the gap in the casing.

It has also been noted that the resin tends to form a fillet against the ends of
the parted caslng. This fillet uavally forms a pressure-actuated scal against
the casing ends and aids in preventing entrance of fiuids between the casing
and liner. For all these reasons it is considecred important that the coating
of glass fibers and recein extend over the entire outaide surface of the cor;
rugated tube.

In the foregoing description, many specific materials are
mentioned, For example, glass fibers or giass fabric is suggested. It will
be apparent that other materials which are physically equivalent to those
named should bo considered to be within the scopo of my invention. For
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example, some types of strong rock wool fibera should be considered the

cguivalents of glassg fibers if theoir physical properties ar¢ substantially the

same a3 those of glass fibers.
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The embodimenta of the invernzion in which an exclusive
progerty or privilege is claimed arc defined as follows: .

1. An article of manufacture suitable fcr expansion to form
a patch for casing in wells, comprising a longitudinally corrugated tube
of malleable metal and a mat of glass fibers atiached to the outer sarface -
of said corrugated tube and in contact with substantially the entire outer
surface of said corrugated tube, said matvbf:ing capable of carrying liquid
resin. ;

2. The article of claim 1 in which said mat is formed of
giass cloth woven frorn threads spun (rom fibers lens than about 3. 001 inch
in diameter.

3, The article of claim 1 in which the radiua of curvature

of the.corrugations of said tube is at least about three times the wall thick-

neas of said tube.
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